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Chronic diseases are now among the leading causes of morbidity and mortality in lower income countries.
Although traditionally related to higher individual socioeconomic status (SES) in these contexts, the associations
between SES and chronic disease may be actively changing. Furthermore, country-level contextual factors, such
as economic development and income inequality, may influence the distribution of chronic disease by SES as well
as how this distribution has changed over time. Using overweight status as a health indicator, the authors studied
repeated cross-sectional data from women aged 18–49 years in 37 developing countries to assess within-country
trends in overweight inequalities by SES between 1989 and 2007 (n ¼ 405,550). Meta-regression was used to
examine the associations between gross domestic product and disproportionate increases in overweight preva-
lence by SES, with additional testing for modification by country-level income inequality. In 27 of 37 countries,
higher SES (vs. lower) was associated with higher gains in overweight prevalence; in the remaining 10 countries,
lower SES (vs. higher) was associated with higher gains in overweight prevalence. Gross domestic product was
positively related to faster increase in overweight prevalence among the lower wealth groups. Among countries
with a higher gross domestic product, lower income inequality was associated with faster overweight growth among
the poor.
developing countries; economic development; health status disparities; obesity; overweight; socioeconomic
factors
Abbreviations: GDP, gross domestic product; SES, socioeconomic status; SII, slope index of inequality.
Overweight and obesity are major risk factors for diabe-
tes, cardiovascular disease, and hypertension (1) and have
increased dramatically in developing countries around the
globe (2). In higher income countries, populations of a lower
socioeconomic status (SES) suffer disproportionately from
overweight and related comorbidities (3), and, traditionally,
the opposite has been true in lower income countries (4).
However, recent cross-sectional studies suggest the distri-
bution of overweight by SES may have changed in some
lower income countries, and that lower SES populations in
some of these countries currently have a higher prevalence
of overweight, mimicking long-standing associations be-
tween low SES and poor health in high-income countries
(5–7). These recent studies are limited in that they capture
only a single point in time and/or only a single country.
Investigating changes in SES-specific overweight preva-
lence over time can determine whether new SES-based dis-
parities in this health indicator are emerging in lower
income countries.
Furthermore, country-level contextual features have pre-
viously been associated with the distribution of overweight
by SES (4, 5, 8). For instance, higher country-level eco-
nomic development has previously been associated cross-
sectionally with an inverse relation between SES and over-
weight (4, 5). Stronger evidence for the role of economic
development as a driving factor in the social patterning of
obesity could be provided by examining whether within-
country level of gross domestic product (GDP) and growth
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in GDP are associated with a shift in the burden of over-
weight toward lower SES groups over time. Additionally,
country-level income inequality has been shown to modify
the association between economic development and level of
inequality in overweight by SES (9) and might also modify
any relation between economic development and dispropor-
tionate gains in overweight prevalence among the lower
SES populations. Investigating these associations is
Table 1. Age-standardized Overweighta Prevalence (SE) by Wealth Quintile and SII for Overweightb for Women in 37 Developing Countriesc,
First and Final Survey Years, 1989–2007
Country Year
Age-standardized Prevalence of Overweight (SE) by Wealth Quintile
SII
Quintile 1 (Lowest) Quintile 2 Quintile 3 Quintile 4 Quintile 5 (Highest)
Armenia 2005 49.0 (3.7) 46.6 (3.8) 47.0 (4.2) 45.0 (3.7) 42.4 (5.8) 7.3
Armenia 2000 42.0 (2.1) 42.0 (2.7) 45.1 (3.2) 49.0 (2.9) 39.1 (2.7) 0.6
Bangladesh 2007 2.3 (0.5) 3.1 (0.8) 5.5 (1.0) 13.8 (1.5) 31.4 (1.8) 34.8
Bangladesh 1996 0.7 (0.3) 0.5 (0.2) 1.2 (0.7) 1.6 (0.5) 12.8 (2.4) 11.4
Benin 2006 6.8 (0.7) 10.1 (0.8) 13.4 (0.9) 23.7 (1.3) 38.9 (1.4) 39.3
Benin 1996 7.1 (2.1) 9.5 (2.5) 6.8 (1.8) 13.5 (3.0) 27.5 (3.6) 18.5
Bolivia 2003 34.9 (1.6) 44.6 (1.9) 57.4 (1.6) 59.9 (1.9) 58.4 (1.8) 30.6
Bolivia 1994 22.2 (2.4) 31.0 (3.2) 50.9 (2.4) 45.8 (4.1) 46.2 (3.6) 33.9
Burkina Faso 2003 2.1 (0.5) 2.9 (0.5) 3.6 (0.6) 6.4 (0.9) 31.2 (2.1) 30
Burkina Faso 1992 3.6 (1.0) 2.6 (0.7) 5.8 (1.4) 7.0 (1.0) 19.9 (1.7) 17.9
Cambodia 2005 3.7 (0.7) 6.5 (1.3) 5.6 (1.1) 12.5 (1.5) 21.6 (2.2) 21.8
Cambodia 2000 2.9 (0.7) 3.8 (0.8) 4.7 (0.9) 7.2 (1.3) 15.3 (2.3) 13
Cameroon 2004 12.4 (1.5) 16.5 (1.9) 31.4 (2.6) 42.4 (2.4) 54.4 (3.0) 55.3
Cameroon 1998 8.2 (1.6) 12.2 (2.2) 26.7 (4.6) 34.6 (3.2) 38.6 (3.1) 42.5
Chad 2004 4.1 (1.2) 5.3 (1.7) 4.7 (1.8) 8.0 (1.7) 24.3 (2.1) 20.1
Chad 1996 2.4 (0.7) 3.1 (1.0) 2.1 (0.8) 5.5 (1.7) 15.4 (1.7) 13.4
China 2006 15.7 (2.6) 18.2 (1.9) 21.7 (1.7) 19.2 (1.7) 17.8 (2.5) 0.4
China 1989 10.8 (3.7) 8.4 (1.1) 14.6 (2.1) 12.7 (1.7) 11.4 (1.3) 4.5
Colombia 2005 40.8 (1.1) 48.2 (1.1) 49.2 (1.2) 49.2 (1.3) 46.3 (1.7) 6.2
Colombia 1995 34.9 (2.2) 55.2 (2.0) 47.2 (2.6) 45.8 (5.0) 53.3 (2.2) 13
Cote d’Ivoire 1998 4.4 (1.4) 11.9 (2.6) 19.8 (3.7) 32.9 (3.3) 40.7 (2.7) 47.4
Cote d’Ivoire 1994 5.4 (1.1) 9.2 (2.8) 12.9 (2.7) 23.1 (2.9) 39.6 (4.0) 38
Egypt, Arab Republic 2005 62.4 (0.3) 73.9 (0.4) 78.1 (0.1) 83.4 (0.1) 85.8(1.6) 27.9
Egypt, Arab Republic 1995 32.5 (1.8) 47.0 (2.1) 56.2 (1.9) 63.4 (3.0) 74.6 (2.0) 51
Ethiopia 2005 2.1 (0.9) 2.9 (0.9) 1.5 (0.6) 1.6 (0.7) 10.6 (2.2) 7.5
Ethiopia 2000 1.8 (0.7) 1.2 (0.4) 1.4 (0.6) 1.3 (0.5) 7.5 (0.9) 5.5
Ghana 2003 8.6 (1.2) 13.6 (1.7) 20.8 (2.0) 33.4 (2.4) 57.7 (2.5) 58.3
Ghana 1993 6.3 (1.6) 3.9 (0.8) 10.9 (2.2) 19.6 (3.7) 33.4 (3.2) 33.1
Guatemala 1998 27.5 (2.7) 39.8 (3.3) 48.2 (3.9) 57.4 (5.7) 75.1 (2.8) 56.5
Guatemala 1995 23.0 (1.6) 26.8 (1.9) 38.0 (1.7) 48.2 (2.8) 52.7 (2.3) 39.8
Guinea 2005 6.8 (1.1) 7.8 (1.4) 9.2 (1.3) 17.2 (2.1) 32.1 (2.2) 29.5
Guinea 1999 4.7 (1.0) 6.6 (1.1) 9.6 (1.3) 13.4 (1.6) 35.6 (2.8) 31.8
Haiti 2005 9.8 (1.8) 14.5 (2.0) 19.2 (2.3) 28.3 (2.3) 45.2 (3.5) 43.4
Haiti 1994 3.6 (1.5) 7.0 (1.9) 7.9 (1.6) 16.6 (2.9) 32.9 (3.1) 30.7
Indonesia 2007 28.8 (2.2) 28.2 (2.8) 32.3 (2.7) 34.4 (3.5) 26.8 (3.3) 1.9
Indonesia 1997 19.2 (2.8) 21.3 (2.9) 19.8 (4.0) 16.9 (2.8) 21.4 (3.4) 0.1
Jordan 2007 58.8 (2.7) 59.8 (4.0) 62.6 (3.0) 54.8 (3.1) 55.5 (3.9) 4.6
Jordan 1997 59.8 (2.5) 64.9 (2.1) 66.5 (2.1) 70.9 (1.9) 66.2 (2.1) 9.9
Kazakhstan 1999 31.0 (4.8) 29.4 (4.0) 30.8 (5.6) 33.9 (5.0) 42.6 (3.3) 11.3
Kazakhstan 1995 35.4 (2.6) 37.6 (3.5) 39.5 (3.7) 39.2 (4.2) 43.2 (2.9) 8.1
Table continues
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critically important to providing information about the con-
textual circumstances in which lower SES becomes a risk
factor for overweight.
Using nationally representative, repeated cross-sectional
measurements among women in 37 lower income countries,
we investigated changes in the relation between overweight
and individual SES over time. We tested whether GDP was
related to differential rates of increase in overweight prev-
alence by SES, hypothesizing that higher GDP in develop-
ing countries would be associated with higher rates of
Table 1. Continued
Country Year
Age-standardized Prevalence of Overweight (SE) by Wealth Quintile
SII
Quintile 1 (Lowest) Quintile 2 Quintile 3 Quintile 4 Quintile 5 (Highest)
Kenya 2003 9.8 (1.7) 15.6 (1.9) 21.3 (2.1) 29.1 (2.6) 48.9 (2.5) 47.4
Kenya 1993 9.2 (1.6) 8.3 (1.3) 13.5 (2.7) 19.5 (2.7) 34.9 (4.2) 30.7
Madagascar 2003 3.5 (0.8) 3.1 (1.1) 4.0 (0.8) 6.7 (1.1) 16.3 (1.7) 14.6
Madagascar 1997 3.0 (0.8) 2.7 (0.9) 2.9 (0.9) 2.7 (0.7) 12.6 (2.3) 7
Malawi 2004 9.8 (1.2) 8.7 (1.0) 12.1 (1.2) 16.4 (1.3) 29.9 (1.9) 24.1
Malawi 1992 5.0 (1.3) 7.4 (1.6) 9.1 (1.8) 9.6 (2.0) 21.2 (2.9) 16.5
Mali 2006 8.6 (1.0) 9.6 (1.0) 15.0 (1.4) 21.5 (1.7) 41.8 (1.5) 40.9
Mali 1995 4.4 (0.9) 4.1 (0.8) 6.7 (1.4) 7.0 (1.1) 28.8 (3.1) 24
Morocco 2003 28.6 (1.7) 38.2 (1.6) 43.5 (1.6) 49.9 (1.6) 53.4 (1.5) 30.6
Morocco 1992 18.0 (1.4) 21.1 (2.2) 35.8 (2.8) 50.6 (2.6) 52.4 (3.1) 48.9
Mozambique 2003 6.0 (0.8) 6.2 (1.0) 8.8 (1.1) 19.2 (1.7) 38.3 (1.9) 39.7
Mozambique 1997 4.7 (1.2) 2.2 (0.8) 8.7 (2.6) 13.8 (2.9) 31.0 (3.6) 29.9
Namibia 2006 12.3 (1.4) 22.5 (1.6) 33.8 (1.8) 41.2 (1.8) 53.2 (3.4) 49.2
Namibia 1992 8.5 (1.5) 9.8 (1.8) 14.3 (2.4) 32.9 (3.7) 48.6 (2.3) 53.3
Nepal 2006 3.1 (0.9) 2.1 (0.6) 3.7 (0.7) 8.4 (1.4) 26.7 (2.2) 25.9
Nepal 1996 1.0 (0.4) 0.5 (0.4) 1.4 (0.6) 0.9 (0.5) 8.3 (3.4) -5.8
Nicaragua 2001 36.0 (1.5) 47.9 (1.6) 57.1 (1.8) 64.3 (1.7) 64.1 (2.0) 35.7
Nicaragua 1997 31.3 (1.3) 41.7 (1.6) 52.9 (1.5) 53.6 (1.7) 56.1 (1.7) 30.6
Niger 2006 5.2 (1.2) 6.1 (1.4) 8.4 (1.3) 13.6 (1.7) 39.7 (2.0) 39.5
Niger 1998 3.7 (1.4) 2.9 (0.7) 3.5 (1.0) 5.2 (1.0) 31.8 (3.0) 27.3
Peru 2000 32.6 (1.2) 45.6 (1.2) 59.3 (1.2) 62.9 (1.3) 57.4 (1.7) 33.7
Peru 1992 29.5 (1.6) 42.5 (2.0) 46.8 (2.6) 57.8 (1.7) 48.3 (2.8) 30.5
Rwanda 2005 8.7 (1.3) 6.8 (1.2) 10.5 (1.7) 10.5 (1.4) 23.6 (1.9) 16.5
Rwanda 2000 9.7 (1.5) 12.1 (1.2) 9.3 (1.1) 10.1 (1.0) 25.7 (1.6) 15.9
Tanzania 2004 9.0 (1.5) 9.4 (1.3) 14.4 (1.2) 17.5 (1.5) 42.8 (2.1) 39.7
Tanzania 1996 7.3 (1.1) 8.8 (1.3) 9.9 (1.4) 12.7 (1.6) 30.3 (2.0) 24.9
Turkey 2003 54.4 (2.9) 64.4 (2.3) 67.5 (2.5) 68.1 (2.3) 53.6 (3.6) 2.1
Turkey 1993 40.6 (3.9) 45.3 (2.8) 63.2 (1.9) 63.2 (2.8) 52.2 (5.3) 21.2
Uganda 2006 5.3 (1.6) 8.5 (2.0) 15.1 (2.6) 20.5 (2.7) 35.7 (3.5) 37.6
Uganda 1995 5.5 (1.8) 6.8 (1.5) 8.4 (2.0) 7.9 (1.5) 20.0 (2.3) 14.7
Zambia 2007 9.0 (1.2) 10.9 (1.3) 13.5 (1.4) 26.9 (1.7) 48.0 (1.9) 47.6
Zambia 1996 7.4 (1.1) 11.0 (2.3) 14.5 (1.9) 17.5 (1.8) 29.8 (3.1) 26.2
Zimbabwe 2005 15.6 (1.5) 19.1 (1.6) 20.8 (1.9) 36.3 (1.9) 52.5 (2.1) 47.1
Zimbabwe 1994 17.2 (2.7) 16.9 (3.1) 25.4 (4.2) 31.8 (3.9) 38.7 (3.3) 28.6
Abbreviations: SE, standard error; SII, slope index of inequality.
a Overweight is defined as body mass index 25 kg/m2 (15).
b The SII for overweight is a summary measure of the level of inequality in overweight prevalence by wealth group. It is obtained by regressing
the age-standardized overweight prevalence for each socioeconomic status group (shown in this table) on the rank of each wealth quintile in the
social hierarchy, ranked by ridit score (the cumulative proportion of the population with a higher wealth level than the average person in each wealth
quintile; range: 0–1) from highest to lowest. Essentially, the SII shown here represents the slope of the regression line through the wealth quintiles,
moving from the highest wealth group (0) to the lowest (1). A negative SII indicates lower levels of overweight in the lower wealth groups; a positive
SII indicates lower levels of overweight in the higher wealth groups.
c Data for all countries expect China and Indonesia are publically available and were derived from the Demographic and Health Surveys (10).
The China Health and Nutrition Survey (12) and the Indonesian Family Life Survey (11) provided the data for China and Indonesia, respectively.
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overweight prevalence gains in lower (compared with
higher) SES populations. Additionally, we tested whether
this relation varied by country-level income inequality.
MATERIALS AND METHODS
Data sources
The majority of the data were derived from Demographic
and Health Surveys, nationally representative, repeated
cross-sectional household surveys administered primarily
in lower- and middle-income countries approximately every
5 years and standardized to enable cross-country compari-
sons (10). We identified 35 countries that had repeated De-
mographic and Health Surveys containing prospectively
collected individual anthropometric and SES data. Addi-
tionally, we used the Indonesian Family Life Surveys (11)
and the China Health and Nutrition Survey (12). Each data
source used a single or multistage cluster sample design.
The countries included and the first and last survey years
are listed in Table 1. The average number of years between
the first and last surveys was 8.8 (standard deviation, 3.2);
changes over time were annualized to account for differ-
ences in the number of years included in each country.
For the majority of our sample, anthropometric measure-
ments were available only for those women less than age 50
years, so we limited our analyses to adult nonpregnant
women aged 18–49 years in all countries. Earlier years of
the Demographic and Health Survey collected anthropomet-
rics on only those women who had children aged 0–5 years;
we limited our main analyses to this subgroup to keep the
repeated cross-sections over time comparable. For the
506,839 women who met eligibility criteria, covariate in-
formation was complete for 405,550 of them (80%).
Key variables
Individual-level variables. Height and weight were mea-
sured by trained technicians using standard techniques (11,
12). Body mass index (weight (kg)/height (m)2) was used to
classify people as obese or overweight according to World
Health Organization guidelines (13). For each country and
survey wave, prevalence of overweight (body mass index
25) according to SES was calculated. We used the body mass
index cutpoint that combines overweight and obesity since
body mass index above this level is associated with a substan-
tial increase in cardio-metabolic problems (14). Although
lower body mass index thresholds demonstrate disease risk
in some populations, the World Health Organization recom-
mends the body mass index cutpoint of 25 for international
comparisons of overweight (15).
Individual SES was represented by a wealth index derived
from household assets. Wealth was chosen to represent SES
because, in lower income countries, assets-based wealth in-
dices are considered a superior measure of financial re-
sources compared with income; income can be highly
fluctuating and come from multiple sources, and items are
often bartered, which can make it difficult to translate into
income (16). We chose to utilize wealth rather than educa-
tion since the distribution of education was quite different
among the countries we studied, with some countries having
too few people completing tertiary school to enable stable
estimates. The Demographic and Health Survey data in-
clude a constructed wealth index comprising queried house-
hold assets; principal components analysis was used to
generate a total wealth score for each family in each country
in each survey wave (16). The Indonesia Family Life Sur-
veys and the China Health and Nutrition Survey also col-
lected information regarding household assets, and we
constructed a wealth index comparable to the Demographic
and Health Survey index for each of these countries. The
wealth index represents a relative measure. For the analyses,
the country- and survey-year-specific quintiles of wealth
score were used to create a categorical variable for wealth
status.
Age was controlled for by direct standardization. We used
each country’s age-specific overweight rates and the World
Health Organization world standard population age struc-
ture (17) to better enable comparisons across countries.
Country-level variables. We used GDP per capita ad-
justed for purchasing power parity and inflated to the 2005
international dollar value (referred to henceforth as GDP) to
represent country-level economic development (18). The
baseline survey year GDP for each country was used in
the regression analyses. The annualized percentage change
in GDP per capita (purchasing power parity) over the survey
period represented change in GDP. Country-level average
Gini coefficient represented country-level income inequality
(19). Values were obtained from the World Bank Indicators
Database (20).
Statistical analyses
Slope index of inequality (SII). To summarize the level of
inequality in overweight prevalence by wealth group, we
estimated the SII (21). The SII is recommended for quan-
tifying the absolute level of inequality in a health outcome
for within-country time trends and cross-country compar-
isons (21, 22). It accounts for the mean level of health
by socioeconomic group as well as the proportion of the
population in each group (21). Since our analyses used
quintiles of wealth to also ensure that the proportion of
the population in each wealth group was similar
across years and countries, the main advantage of using
the SII is that it considers information from all wealth
quintiles.
This regression-based measure is obtained by regressing
the mean health status of each SES group on the rank of
each SES group in the social hierarchy (19, 21), ranked from
highest to lowest, represented by the ridit score. The ridit
score is the proportion of the population with a higher wealth
score than the average person in each wealth group (19).
Specifically, we regressed the age-standardized overweight
prevalence for each wealth group on the ridit score for each
wealth quintile: (Age-standardized overweight prevalen-
cejcountry, year)j ¼ a þ b1(ridit scores for wealth)j þ e,
where j denotes wealth quintile. The regression is weighted
by the number of individuals in each SES group (19, 21). The
resulting regression coefficient b1 is the SII and represents the
difference in overweight prevalence moving from the highest
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(0) to the lowest (1) group. Accordingly, a negative SII would
indicate higher overweight prevalence in the higher wealth
groups, whereas a positive SII would mean higher levels of
overweight prevalence in the lower wealth groups. The SII
was calculated for each country in each survey year.
Change in SII. We estimated the change in SII between
the first and the last survey years for each country by adding
indicator variables for survey year and interaction terms for
the survey year variables and the ridit score to the model of
SII described above. The change in the SII between the first
and last survey years is represented in the interaction between
ridit score and last survey year. Change in SII was then an-
nualized to account for the different number of years between
surveys in different countries. The subsequent statistical anal-
yses used change in the SII between the first and last survey
years and its confidence interval obtained from this model.
The change in the SII is the difference in the magnitude of
inequality in overweight levels. For our purposes, it also is
indicative of the differential rate of increase in overweight
prevalence between the higher and lower wealth groups
since it is calculated within countries, and, by using wealth
quintiles, we constrained the amount of change that could be
due to change in proportion in each wealth group. This is
illustrated in Web Figure 1, which is posted on the Journal’s
Web site (http://aje.oupjournals.org/). A negative change in
SII would indicate an increase in the magnitude of over-
weight inequality by SES brought about by a faster increase
in overweight prevalence for the higher wealth groups com-
pared with the lower wealth groups. A positive change in the
overweight inequality indicates a decrease in the magnitude
of the overweight inequality by SES, brought about by
a faster increase in overweight among the lower wealth
groups compared with the higher wealth groups.
Meta-regression of change in SII. Change in the annual-
ized SII was used to represent the differential growth rates in
overweight prevalence between the low- and high-SES
groups as the outcome in a country-level meta-regression.
We estimated the crude associations between change in the
SII and GDP as well as percentage change in GDP using
random-effects meta-regression (23). We then tested
whether the effects of GDP varied by percentage change
in GDP by interacting these 2 variables. Based on residual
diagnostics, continuous GDP was log-transformed for the
analyses, and change in GDP was left in its continuous form.
We assessed whether the association between GDP and
the change in SII varied by country-level income inequality.
To do so, we tested the interaction using the continuous
form of the variables as well as with tertiles of GDP and
a dichotomized version of the Gini coefficient.
Sensitivity analyses. For sensitivity analyses, we calcu-
lated the difference in the growth rates of overweight prev-
alence for the lowest and the highest wealth quintiles. We
conducted linear regression analyses with this measure as an
outcome instead of the change in the SII to ensure that they
produced approximately the same results.
Analyses of overweight prevalence and SII accounted for
the complex survey design and utilized the sampling weights
provided by the Demographic and Health Survey and Indo-
nesia Family Life Surveys (10, 24). The sampling weights
account for differential probability of selection and response;
Figure 1. Annualized change in slope index of inequality for overweight between the first and last survey years, with 95% confidence intervals, for
women in 37 developing countries in 1989–2007, ordered according to first-year gross domestic product (GDP). GDP is per capita adjusted by the
purchasing power parity method and is adjusted for inflation using the 2005 international dollar value as a base. Positive values for annualized
change in slope index of inequality indicate faster overweight prevalence increase among lower wealth groups (vs. higher); negative values indicate
faster overweight prevalence increase among higher wealth groups (vs. lower). Rep, Republic.
Economic Development and Overweight Inequality 671
Am J Epidemiol 2011;173:667–675
details can be found elsewhere (10, 24). Alpha was set at 0.05
for all main effects and at 0.20 for all interactions. The alpha
for the interaction was intentionally set liberally since we had
relatively few observations and were substantively interested
in detecting any interactions that exist (25). All analyses were
performed with Stata software (version 11, 2009, Stata Cor-
poration, College Station, Texas).
RESULTS
Table 1 displays age-standardized overweight prevalence
by wealth as well as the estimated SII for overweight for
each country in its first and final survey years. Additional
descriptive characteristics are provided in Web Table 1, also
posted on the Journal’s Web site (http://aje.oupjournals.org/).
Mean absolute inequality level for overweight prevalence
(SII) was 23.3. At this level, the lowest SES group would
have an overweight prevalence approximately 23 points
lower than that of the highest SES group. Mean SII values
by GDP tertile in the first and last survey years, respectively,
were 17.6 and 30.6 for the lowest GDP tertile, 28.9
and 37.9 for the middle GDP tertile, and 26.2 and 21.0
for the highest GDP tertile. On average, the amount of in-
equality in overweight levels by wealth increased (more
negative) for countries in the 2 lowest GDP tertiles and de-
creased (less negative) for countries in the highest GDP
tertile. Mean annualized change in SII was 1.0 (range:
5.6 to 1.9), indicating that, on average, the higher wealth
groups experienced higher overweight prevalence gains
compared with the lower wealth groups.
Figure 1 displays the annualized change in the overweight
inequality and its 95% confidence interval over the survey
period for each country, listed in order of baseline GDP. Ten
of 37 countries had a positive change in the overweight in-
equality, indicating a faster overweight prevalence increase
among the lower wealth groups (vs. high); the remaining 27
countries had a negative change in SII, indicating a faster over-
weight prevalence increase among the higher wealth groups.
Higher change in the inequality in overweight prevalence
was significantly associated with higher baseline GDP
levels (Table 2, model 1), indicating that higher GDP was
associated with a relatively faster rate of increase in over-
weight prevalence among lower wealth groups. A 1-unit
increase in log GDP was associated with an increase of
0.84 units (95% confidence interval: 0.22, 1.46) in over-
weight inequality change score.
The relation between annualized percentage change in
GDP and change in overweight inequality over the survey
period was positive but was not statistically significant
(Table 2, model 2) in the crude model. When both baseline
GDP and percentage change in GDP were included in the
model, baseline GDP remained significantly associated and
percentage change in GDP was marginally significantly re-
lated to level of change in overweight inequality (Table 2,
model 3). We found no significant interaction between
baseline GDP and level of change in GDP (P ¼ 0.60).
Country-level GDP alone accounted for 15.7% of the
between-country variance in the change in SII; the addition
of change in GDP increased the variance explained to 20.3%.
The interaction between economic development (GDP ter-
tile) and income inequality (dichotomous Gini coefficient)
was statistically significant (P ¼ 0.05). The proportion of
the between-country variance explained in the model that
interacted GDP and the Gini coefficient was 32.2%. We in-
terpret these results conservatively since the interaction was
not robust to specification in its continuous form; however,
because theory and prior research suggest a rationale for an
interaction, we probed the interaction further and tested by
categories. Among countries in the highest GDP tertile,
a lower country-level income inequality was associated with
a predicted annual change in overweight inequality of 1.13
(95% confidence interval: 0.11, 2.15), indicating a faster in-
crease in overweight prevalence for the lower wealth groups
compared with the wealthier groups (Figure 2). Conversely,
for countries in the highest GDP tertile but with high income
inequality, the predicted annual change in the overweight in-
equality was 0.91 (95% confidence interval: 2.12, 0.29),
indicating slower overweight prevalence growth among the
lower wealth groups in comparison to wealthier groups (P ¼
0.01). Among countries in the 2 lowest GDP tertiles, the pre-
dicted change in overweight inequality was not significantly
different according to level of income inequality (Figure 2).
Sensitivity analyses
The analyses using the difference in prevalence rate gains
between the highest and lowest wealth quintiles as the out-
come instead of change in SII produced similar results.
Baseline GDP was positively associated with higher over-
weight prevalence growth in the least wealthy compared
with the wealthiest, and the interaction between GDP and
income inequality was significant (data not shown). This
finding supports our use of change in SII as an indicator
of disproportionate change in overweight prevalence among
wealth categories.
Table 2. Country-level Meta-regressions of Change in Slope Index
of Inequality for Overweight on GDPa and Annualized Percentage




























0.10 0.02, 0.22 20.3 37
Abbreviation: GDP, gross domestic product.
a GDP is per capita adjusted by the purchasing power parity
method and adjusted for inflation using the 2005 international dollar
value as a base.
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DISCUSSION
This research among women from 37 developing countries
suggests that economic development is significantly related
to faster increase in overweight prevalence for lower SES
groups compared with higher SES groups and that this re-
lation varies by income inequality. Specifically, the country-
level combination of high GDP and lower income inequality
was associated with the greatest likelihood of disproportion-
ately faster increases in overweight prevalence for the lower
wealth groups compared with higher wealth groups.
Economic development
Among developing countries, we found that higher GDP
was associated with a relatively faster increase in over-
weight prevalence among women of lower wealth. Our work
is consistent with previous work relating higher GDP to an
inverse relation between obesity and SES (5, 26), and it adds
to this body of work by investigating the SES-specific over-
weight prevalence accrual process over time.
Change in GDP was positively associated with higher over-
weight prevalence increases in the lower wealth groups, but
the result was marginally statistically significant (P ¼ 0.09).
The lack of a statistical significance between GDP change and
SES-specific overweight prevalence growth could be due to
the limited range of GDP change or our small sample size
(n¼ 37). Alternatively, it is possible that the relation between
GDP and faster increases in overweight prevalence among the
poor is spurious rather than causal; however, theory and pre-
vious research suggest that national wealth plays a role in
SES-specific overweight prevalence (4). Faster overweight
prevalence increases could stem from a contextual change felt
disproportionately by lower income groups, such as occupa-
tional change with changing economies. Alternatively, it
could stem from a different response to the same environment.
Income inequality
We found some evidence that the association between
country-level GDP and SES-specific increases in over-
weight prevalence growth varies by country level of income
Figure 2. Predicted change in slope index of inequality in overweight by country-level gross domestic product (GDP) and country level of income
inequality among women in 37 developing countries, 1989–2007. Positive values for annualized change in slope index of inequality indicate faster
overweight prevalence increase among lower wealth groups (vs. higher); negative values indicate faster overweight prevalence increase among
higher wealth groups (vs. lower). Estimate for highest GDP tertile and high-income-inequality countries is significantly different from the estimate for
highest GDP tertile and low-income-inequality countries. Income inequality was represented by the Gini coefficient and was dichotomized; low
income inequality range: 29.8–42.1 and high income inequality range: 42.2–74.3. GDP is per capita adjusted by the purchasing power parity
method and adjusted for inflation using the 2005 international dollar value as a base. Baseline GDP was used to create GDP tertiles. Sample
countries in the 6 categories: highest GDP tertile/high income inequality: Bolivia, Colombia, Guatemala, Namibia, Peru; highest GDP tertile/low
income inequality: Armenia, Arab Republic of Egypt, Indonesia, Jordan, Morocco, Turkey, Kazahkstan; middle GDP tertile/high income inequality:
Cameroon, Guinea, Haiti, Kenya, Nicaragua, Zambia, Zimbabwe; middle GDP tertile/low income inequality: Benin, Cambodia, China, Cote d’Ivoire,
Ghana; lowest GDP tertile/high income inequality: Burkina Faso, Madagascar, Malawi, Mozambique, Nepal, Rwanda, Uganda; lowest GDP tertile/
low income inequality: Bangladesh, Chad, Ethiopia, Mali, Tanzania, Niger.
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inequality. Among countries in the highest GDP tertile, hav-
ing high income inequality (i.e., Bolivia, Peru, Guatemala,
Namibia, and Colombia) was associated with a significantly
higher increase in overweight prevalence among the higher-
wealth individuals. Being in the highest GDP tertile but
having lower income inequality (i.e., Armenia, Egypt, In-
donesia, Jordan, Morocco, Turkey, and Kazahkstan) was
associated with a higher increase in the overweight preva-
lence rate among the lower-wealth individuals. These find-
ings may suggest that the increased resources that most
likely accompany wealth do not have a universal effect on
overweight risk, even at the same level of economic
development.
We interpret these results conservatively since the signif-
icance of the interaction between GDP and income inequal-
ity was not apparent when the variables were entered in their
continuous form. The different findings with different model
specifications may be due to Guatemala acting as an influ-
ential point. When we ran the model without Guatemala, the
interaction remained significant and the high-GDP/high-
inequality countries still had lower predicted rates of
increase in overweight prevalence for the lower wealth
groups compared with those of high-GDP/low-inequality
countries; however, the predicted rates in the high-GDP/
high-inequality countries were positive rather than negative.
Although not directly comparable, these results differ
from those of a recent study that examined the relation
between level of inequality in overweight prevalence be-
tween SES groups and country-level income inequality at
a single point in time among adolescents in Europe and
North America (8). Of the middle-income countries in that
study (comparable to higher income countries in our study),
those with higher income inequality had a lower magnitude
of inequality in overweight compared with those with lower
income inequality (8). When we examined only the most
recent survey wave among our higher income countries, we
found that countries with higher income inequality had
a higher magnitude of inequality in overweight levels (mean
SII ¼ 35.3) compared with those with lower income in-
equality (mean SII ¼ 8.9). Differences could be due to the
age of the populations studied or the fact that the highest
income countries in our sample still had a higher overweight
prevalence in the higher SES groups.
Limitations
Limitations should be noted. First, we used an assets-
based wealth index to represent SES, which covers only
one realm of SES and is an imperfect measure of financial
resources; however, it is commonly used and believed to be
superior to income in lower income countries (16). Second,
our country-level GDP per capita and Gini coefficient were
also approximations of economic development and income
inequality, but these indicators are commonly used in the
field and enable comparisons across studies. The SII as-
sumes a linear relation between mean health status and the
SES categories; visual examination of the plotted data re-
veals that this assumption is reasonable. Finally, to keep the
sample comparable over time, we limited the analysis to
only those women with children less than age 5 years; this
is the subsample of women for whom the Demographic and
Health Survey has consistently obtained anthropometrics. In
the more recent Demographic and Health Surveys, proce-
dure has changed and anthropometric measurements are
being obtained for all women in the household. Our sample
is representative of only women between the ages of 18 and
49 years with young children in these countries; however, in
previous work, we found that the differences in prevalence
growth rates between higher and lower SES women from
the fuller sample were similar to the results from the more
restricted sample of women with young children.
We did not have data to examine equivalent research
questions among males. Nevertheless, we would expect
the result to be different for men because of a generally
lower prevalence of overweight (27) and different associa-
tions between SES and overweight (28).
Conclusions
Using a multiregional sample of women in 37 countries over
time, we found that country-level GDP was associated with
a decreased level of overweight inequality. However, this de-
crease in inequality was brought about by a disproportionately
faster increase in overweight prevalence among the lower
wealth groups in comparison to the higher wealth groups.
These results highlight an increased disease burden for the poor
in association with higher economic development contexts,
particularly when combined with lower income inequality.
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